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[57] ABSTRACT 

A flexible modular interconnect system is provided 
which utilizes a backplane having a plurality of module 
receiving slots and a plurahty of circuit modules, se- 
lected ones of the circuit modules being mounted in at 
least selected ones of the slots. The modules may be of 
a variety of different types. First and second switches 
are provided for each circuit module with selected lines 
from module logic being connected to each of the 
switches. The first and second switches for each module 
are interconnected and the first switch for the selected 
modules are connected to the svidtch for adjacent mod- 
ules. Selected information concerning each module is 
provided to each adjacent module and control logic is 
provided which is responsive at least in part to the 
received information concerning the adjacent module 
for controlling the state of an appropriate switches. The 
switches may also be controlled from an external 
source. By selectively controlling the state of the 
switches, the modules may be flexibly interconnected. 
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more different types. A first and a second switch means 
FLEXIBLE MODULE INTERCONNECT SYSTEM are provided for each circuit module, each of which 

switch meansjssettable to at leastjwodifferentjtates. 
This application is a continuation of application Ser. For one embodiment of the invention, the switch means ) 
No. 07/412,091, filed Sep. 25, 1989, now U.S. Pat. No. 5 /-have a plurality~of:switch-elements^which are indepenjf 
5, 1 1 5,235. ^dently^settable. Selected lines^from- each-module-logic 

BACKGROUND OF THE INVENTION are connected to the first switch means for the module 

y — ^: and other selected hnes from the module logic are con-^ 

{This inyention-relates-tO'-modular-electronic-equip>^ nected to the secondjwtch m.eans/orjhe_module./The ) 
rmcnt having'v.thC(fm0dule5Amounted4o a^backplan fiKt~and"second switch means for a module are ^ikor^ 

more^particular|y^to^ gich,a_s ystem >yhich permits Ihp) ixitc^^^^f^^siiBS^Iskd the first switclfa^ani^foT selected) 
^modules to be flexibly interconnected without requiring/ j modules are connected tp^ secpnd switch means for^ 
rewiring-of-the-backplanc: ; ^adjacent modulcsr Selected "'i^^ concerning) 

FIELD OF THE INVENTION each module is prbvideH to each adjacent module ^d 

15 ^control means js provided wWch is respbnMve it^^^^^^ in ) 

^^Many^types'of ele'ctfbm^ equipment are desa|ned t^ Jpart tq'the^received^infom 

haVe*^'^ar^^^^lS^ > cent m o^ules-for contrplling the state'~of the~switctn 

/1ci||Jufj>|^ 0^ [ means for a"modljcwK^ ^^s isconnected Jto 

\m'6&r^^a^^e"backplan^ ^such~adjacent~moduler The state of the switch means 

so" that all of the modules are connected to a single 20 c6htrols~the~iiitcrconnectio^ for the.module logic-lines 
system bus, the wiring may interconnect the modules in connec ted thereto. JTKusTl^yljd^ controlling-tlie 
daisy chain fashion, or the modules may be intercon- state of Ihe switcl^meains^ the modules may be flexibly 
nected in some other predetermined configuration. ^nterconnectecLlf addition to being responsive to infor- 
A backplane system such as that described above miation concerning adjacent modules, the control means 
works well so long as the equipment is being used to 25 mayalsp, operate inresponse to external controls, sufh 
perform only a single function, and only a single type of manual inputs from the user or control signals ob- 
module is being used. However, there are applications tained from anfeg^ernd-vprocessor or other control de- 
where it may be desired to utilize the same equipment or vice,_furtheiLiS^^^^iip^ifc^tnl^ 
system in different modes or configurations or to per- While the switch means anifthe contf ol meaiis may be 
form different functions. For example, a basic piece of 30 mounted on the backplane, the flexibility of the system 
equipment riiay be designed to operate with a number of is enhanced by having these elements mounted on each 
different computer systems and may require slightly module. Each module receiving slot may have a plural- 
different modules or different interconnections of mod- ity of first contacts and a plurality of second contacts, 
ules depending on the computer system with which it is some of the first and second contacts being connected 
interfaced. Similarly, it may be desirable to interface a 35 to the control means and the remaining first and second 
particular type of equipment to a number of different contacts being connected- respectively to the first and 
communications protocols p.e., Ethernet, token-pass- second switch means. 

ing, etc.) which may require slight variations in modules The foregoing and other objects, features and advan- 
or interconnections. tages of the mvention will be apparent from the follow- 

While some flexible backplane systems exist, these 40 ing more particular description of preferred embodi- 
systems have only limited flexibility, and in particular ments of the invention as illustrated in the accompany- 
have been limited to a particular type of interconnec- ing drawings, 
tion between modules. Thus, while such a system might 

permit the length of the bus in a system to be varied, it ^ DRAWINGS 

does not permit the system to be reconfigured from a 45 FIG. 1 is a diagram illustrating three adjacent module 
, bus to a daisy chain configuration, to a loop back mode receiving slots in a backplane in accordance with the 
or the like. teachings of this invention. 

Another limitation with existing flexible systems is FIG. 2 is a schematic diagram illustrating a single 
that they respond only to the particular module or mod- module in accordance with the teachings of this inven- 
ules inserted in the system and thus are capable of oper- 50 tion connected in a looped back mode, 
ating in only a single mode for a given combination of FIG. 3 is a schematic diagram illustrating two adja- 
modules. This further limits the flexibility in use of such cent modules connected in a daisy chain mode which 
systems. terminates at the B module. 

Thus, a need exists for an improved flexible modular FIG. 4 is a partial schematic diagram of a single mod- 
backplane interconnect system which permits far 55 ule connected in the attached bus mode, 
greater flexibility in the manner in which modules may FIG. 5 is a partial schematic diagram of a single mod- 
be connected or interconnected and in the modules ule connected in the bypass mode, 
which may be used in the system, while still remaming FIG. 6 is a partial schematic diagram of a single mod- 
relatively simple and inexpensive. ule for an alternative embodiment of the invention 

SUMMARY OF THE INVENTION ^ wherein part of the module is connected in the daisy 

chain mode and part in the looped back mode. 

A flexible modular interconnect system is provided 
which utilizes a backplane having a plurality of module DETAILED DESCRIPTION 

receiving slots and a plurality of circuit modules, se- Referring first to FIG. 1, and in accordance with this 
lected ones of the circuit modules being mounted in at 65 invention, a backplane 10 is provided having a plurality 
least selected ones of the slots. Each of the modules has of module receiving slots 12 formed therein. Each slot 
a predetermined module logic which may vary from 12 has a plurality of pins 14 which pins are divided into 
module to module so that the modules may be of one or a left group of pins and a right group of pins. For the 
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preferred embodiment there are a total of thirty-two Each interface logic switch may be a mechanically 
pins for each slot with sixteen of the pins being left pins controlled switch such as a relay, but is preferably an 
and sixteen of the pins being right pins. The right pin of electronic switch of standard configuration formed 
each slot is connected to the corresponding left pin of utihzing, for example, three separate switch chips, e,g., 
the adjacent slot by a line 16. Thus, right pin number 1 5 DM44LS244 TriState sold by National Semiconductor 
• of slot 12 A is connected to left pin number 1 of slot t2B, Corp., Santa Clara, Calif, 
right pin number 2 of slot 12A is connected to left pin Control logic 26 may operate in response to two 
number 2 of slot 12B, etc. The first two of the lines 16 different types of inputs. First, each control logic 26 
interconnecting each pair of slots 12 contain type code receives type code inputs from the module in the slot to 
information for the module in the left one of the two 10 the left thereof on lines 42In. Lines 42 are the first two 
interconnected slots. Similarly, the third and fourth of the lines 16 interconnecting each two adjacent mod- 
lines interconnecting each two adjacent slots contain a ule slots 12 (FIG. 1). Control logic 26 also generates an 
coded indication of module type for the module in the output on lines 420ut which lines contain the type code 
right one.of the two slots. Thus, in FIG. 1, the first two of the module which is to be passed on to the control 
lines interconnecting slots 12A and 12B would contain IS logic 26 of the next module to the right. Similarly, the 
two-bit coded information concerning module type for control logic 26 receives inputs on lines 44In which 
the module in slot A, while the third and fourth lines contain the type code for the module in the slot 12 to 
would contain coded module type information for the the right thereof, and the control logic generates a type 
module in slot 12B. If more than four module types are code output on the lines 440ut, providing its type code 
employed, a greater number oflincs can be allocated for 20 to the module to the left thereof The code on lines 
this function. Alternatively, the same two or more lines 420ut and 440ut should be the same code. Normally 
may be time shared to pass coded information concern- the inputs on lines 42In and/or 44In will control the 
ing both modules, or the module type code may be outputs on control lines 38 and 40 from the control 
serially transmitted from eacli module over a single line, logic, and will thus determine the state for switches 22 
Different module types could, for example, be utilized 25 and 24, Whether it is the input on 42In, the input on 
to interface the system to different computers or for use 44In, or a combination of both which determine the 
with different communication protocols. The remaining outputs on lines 38 and 40 will depend on the nature of 
twelve Unes interconnecting each pair of adjacent slots the modulejteel£andjjaW with application, 
contain data, programming, or other information to be la'addition to the in puts on lines"42'and"44nt~is"alsQ. 
passed between or through the interconnected modules. 30 ppsslble"for'controliogic~-26^t6"receive an input on^lines 

While only three slots arc shown in FIG. 1, it is ap- C46-froib an.extaH^ as a inicrocom- 

parent that, for most electronic devices, there would be r-puteroro^er controMer^S. The ^^^^ 
a much larger number of module receiving slots on aJsp reflect a user ge nerated in put which may be applied 
backplane 10 and that these slots do not necessarily either directl y from a uscr JnpBt d<£:dfiSJQC through a 
need to be arranged in a single row as shown in FIG. 1, 35 cgnt roUer 48, Contro ller^.may^be.a tnicrocompute r or 
but could be arranged in a matrix or in any other desired sdSp-JoTO^jGjf^dwticg^ 
configuration. widimelpaSftaci^ ^ 

FIG. 2 illustrates the elements on a single module for Control logic 26 may be special purpose logic which 
a preferred embodiment. Referring to this figure, the is hard wired to perform the specific logjc function, 
module includes module logic 20, an interface left logic 40 may be a programmable logic array which is pro- 
switch '22, an interface right logic switch 24, and con- grammed to perform the desired logic function, may be 
trol logic 26. Module logic 20 may be any circuitry, a ROM decoder which, in response to a predetermined 
including hardware and/or software, usable on an elec- set of inputs on the lines 42In, 44In and 46 generates 
tronic circuit module and the exact nature of this logic predetermined outputs on lines 38 and 40, or could be 
and circuitry does not form part of the present inven- 45 some other form of programmable logic device which 
tion. Module logic 20 has a first group of input/output generates predetermined outputs in response to a prede- 
lines 28 which are connected as one input to left logic termined combination of inputs. While the function of 
switch 22 O.e., to the C input thereof) and a second control logic 26 is critical to the operation of the inven- 
group of input/output lines 30 which are connected to tion, the exact logical function performed by this circuit 
the C input of right logic switch 24, While the number 50 will vary with module and apphcation and the specific 
oflines 28 and 30 may be equal, this is not a limitation on hardware/software used for this application do not 
the invention. The B contact of the logic switches 22 form part of the present invention, 
and 24 are interconnected by lines 32. There are also a The setting of switches 22 and 24 determine the mode 
plurality of left function input/output lines 34 con- in which the module operates. In FIG. 2, the circuit is 
nected to the A contact of left logic switch 22 and a 55 shown connected in a "looped back" mode wherein 
plurality of input/output hues 36 coimected to the A information outputted on a line or lines 28 or 30 is fed 
contact of right logic switch 36. As will be discussed in back through the corresponding logic switch 22 or 24, 
greater detail later, switches 22 and 24 may be indepen- lines 32 and the other logic switch and line back into the 
dently connected in any of a variety of configurations, module 20. The module thus performs an independent 
the configuration or state of switches 22 and 24 at any 60 function and does not interact with other modules in the 
given time being determined by control signals on lines system. Such a module may for example be a module 
38 and 40 respectively from control logic 26. The sig- which dbplays a time varying value with the logic for 
nals on lines 38 and 40 may either be continuous to generating and displaying such value being within mod- 
maintain the corresponding logic switch in a desired ule logic 20 for such module. 

state or, preferably, the switches are set to a desired 6S FIG. 3 shows a pairv of modules 18 A and 183, each of 
state by a coded input on the corresponding lines 38 or which is in a corresponding slot 12A and 12B. Each of 
40 and remain in such state until a new control input is the modules is shown as containing module logic 20, a 
received. left switch 22, a right switch 24, and a control logic 26. 
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An external control 48 is also shown for each moddc leading to the next module. The token is then put on the 
18; however, for some embodiments of the invention, a end of the message. The next module in the chain passes 
single external control may be utilized as the external the message down the chain, but might capture the 
control 48 for all of the modules 18. The two modules token portion of the message if it has a message to trans- 
ISA and 18B are interconnected in the manner previ- 5 mit. A module may also elect to receive a message if the 
ously described with the A contacts of right switch 24A message is addressed to the module, 
for module 18A being connected through function lines FIG. 5 illustrates the bypass mode wherein the partic- 
16 to the contact or terminal A of left switch 22B for ular module logic is not active in the circuit. For this 
module B. Left switch 22A may also have its A contacts mode, contacts A and B on each of switches 22 and 24 
connected to the right switch 24 of a next adjacent 10 are interconnected causing information received at ei- 
module 18 through lines 34A leading therefrom. How- ther switch to be passed through the Hnes 32 and the 
ever, for reasons which will be discussed shortly, the A other of the switches to the next adjacent module, 
contact of right switch 24B would probably not be In the discussion so far, it has been assumed that all of 
connected to another module. the lines connected to a given switch are treated in the 
Modules A and B arc connected as part of a daisy 15 same fashion. However, as illustrated by FIG. 6, this is 
chain configuration which chain ends at module 18B. not a limitation on the invention. 
Thus, information received over line 34A is passed Referring to FIG. 6, it is seen that the left interface 
through the A contact of switch 22A to the C contact of logic switch 60 has two parts 60A and 60B and the right 
this switch and through lines 28A to module logic 20A. interface logic switch has two parts 62A and 62B. Some 
The inputted information, either as received or as modi- 20 of the lines 28 from module logic 20 are connected to 
fied by module 20 A is then applied through lines 30A to switch logic 60 A and some of the lines 28 are connected 
the C contact of right switch 24A, This contact is con- to switch 60B. Similarly, some of the lines 30 from 
nected to the A contact of switch 24A which is con- module logic 20 are connected to switch 62A and some 
nected through lines 36A and interconnected lines 16 to of these lines are connected to switch 62B. Control lines 
lines 34B leading to the A contacts of left switch 22B. 25 38 from control logic 26 are adapted to independently 
This contact is connected to the C contact of the switch control switches 60A and 60B such that these switches 
which passes the signal through lines 28B to module may be connected in different modes. Thus, as shown in 
logic 20B. However, since right switch 24B is open (i.e., the figure, switches 60A may for example be connected 
there are no connections within this switch), informa- in a daisy chain mode while switches 60B are connected 
tion cannot be passed from module logic 20B on to a 30 in a loop back mode. Control lines 40 are similarly 
next-right adjacent module. The daisy chain therefore adapted to independdndy control switches 62A and 
ends at module 18B, However, module logic 20B may 62B. Thus, portions of module logic 20 may operate in 
send information back through lines 28B, switch 22B, one mode, such as a loop mode back mode, whUe the 
lines 34B, 16, 36A, switch 24A and lines 30A to module remaming portions of this circuit are operated in a dif- 
logic 20A. Module logic 20A may then either elect to 35 ferent mode, for example, a daisy chain mode. Obvi- 
send information back through the same path to module . ously the two portions of the circuit operating in differ- 
logic 20B, to pass the information from module logic ent modes may communicate with each other in the 
20B through unaltered to the next left module in the module logic itself. While two independently controUa- 
chain, to perform various logic functions on this input ble switch elements are shown for each switch logic in 
before passing it on to the next left module to merely 40 FIG. 6, it is apparent that three or more such elements 
utilize the received input or to perform some other could be provided for one or more of the switches for a 
function with it FIG. 3 thus illustrates a daisy chain given application. 

mode of operation and also illustrates the fact that, Similarly, while all of the switch connections are 
while in most appHcations the left sv^tch 22 and the shown as bemg bidirectional in the figures, the direction 
right switch 24 for a given module will be in the same 45 of switch connection could be independently controlled 
state, this is not alv^^ays the case. for each connection so that, for example, in FIG. 3 
FIGS. 4 and 5 illustrate two additional modes in signals could flow to the right through the daisy chain, 
which the modules of this invention may be connected but not to the left. It is also possible for ail of the Con- 
or interconnected. In FIG, 4, the terminals A, B and C nections to be monodirectional. Further, while for the 
of each of the switches 22 and 24 are interconnected so 50 preferred embodiments, switch settings are determmed 
that, depending on the condition of the module logic, at least in part by signals on lines 42 and 44 from adja- 
information received at a terminal A for one of the cent modules, this is not a limitation on the invention 
switches may either bypass the module logic 20, passing and it is possible that the switch control could be solely 
through the switches and through the lines 32 intercon- from the external source of that control could be 
necting the switches, may pass through the module 55 achieved in some other way. 

logic 20 without being applied to the lines 32 as for the While in the discussion above, switches 22 and 24, 

daisy chain operation described previously in conjunc- and control lo^c 26 have all been positioned on module 

tion with FIG. 3, or may do both, with the information 18, and this is preferable because of the enhanced flexi- 

being applied to module logic 20 and also passing bility it provides, with suitable modification, one or 

through lines 32 to the next module in the chain. An 60 more of these elements could be on the backplane 10 for 

example of this type of operation might be a token ring each slot 12. Further, while various switch setting and 

system where, when a token is transmitted on the line, modes of operation have been discussed above, it is to 

the token passes through lines 32 if there is no message be understood that such examples are not exhaustive, 

at module 20 to be transmitted, but is captured by the and that other settings or combinations of settings are 

module logic and not passed through lines 32 when the 65 possible to establish different system operating modes, 

module logic has a message to transmit. Having cap- In addition, while the invention has been shown above 

tured the token, the module logic then puts a message with respect to preferred embodiments, it is apparent 

through for example lines 30 and switch 24 to lines 36 that variations could be made in the specific logic com- 
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ponents used and in their interconnection while still 
retaining the desired flexibility. Thus, while the inven- 
tion has been particularly shown and described above 
with respect to preferred embodiments, the foregoing 
and other changes in form and detail may be made 
therein by one skilled in the art without departing from 
the spirit and the scope of the invention. 
What is claimed is: 

1. A module interconnect system comprising: 
a backplane having a plurality of module-receiving 

slots and means for interconnecting said module- 
receiving slots; and 
two or more modules mounted in selected ones of 
said module-receiving slots, at least one of said 
modules comprising: 

a module circuit having a fkst group of module 
circuit lines and a second group of module cir- 
cuit lines; 

a first group of module I/O lines for connecting 
said module to a first adjacent module through 
said backplane; 

a second group of module I/O lines for coimecting 
said module to a second adjacent module 
through said backplane; and 

a switching mechanism selectably connecting said 
first group of module circuit lines to neither, one 
or both of said groups of module 1/0 lines and 
for selectably connecting said second group of 
module circuit lines to neither, one or both of 
said groups of module I/O lines, said switching 
mechanism being responsive to a control signal 
representative of a desired interconnection be- 
tween said modiile circuit and said first and sec- 
ond adjacent modules. 

2. A module interconnect system as defined in claim 
1 wherein said switching mechanism further includes 
means for selectably connecting said first group of mod- 
ule circuit lines to said second group of modvJe circuit 
lines in response to said control signal. 

3. A module interconnect system as defined in claim 
1 wherein said switching mechanism comprises: 

a fu-st switch for selectably connecting said first 
group of module circuit lines to said first group of 
module I/O lines, 

a second switch for selectably connecting said second 
group of module circuit lines to said second group 
of module I/O lines, and 

a control mechanism generating said control signal 
for controlling the operation of said first and sec- 
ond switches. 

4. A module interconnect system as defined in claim 

3 wherein said first and second switches include means 
for selectably connecting said first group of module 
circuit lines to said second group of module circuit 55 
lines. 

5. A module interconnect system as defined in claim 

4 wherem said control signal is generated in response to 
information representative of the module type of said 
first and second adjacent modules. 

6. A module interconnect system as defmed in claim 
4 wherein said control mechanism receives information 
from an external source regarding the desired intercon- 
nection. 

7. A module interconnect system comprising: 
a backplane having a plurality of module-receiving 

slots and means for interconnecting said module- 
receiving slots; and 
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two or more modules mounted in selected ones of 
said module-receiving slots, at least one of said 
modules comprising: 
a module circuit having a first group of module cir- 
cuit lines and a second group of niodule circuit 
lines; 

a fu^t group of module I/O lines for connecting said 
module to a first adjacent module through said 
backplane; 

a second group of module I/O lines for connecting 
said module to a second adjacent module through 
said backplane; and 
a switching mechanism responsive to a control signal 
and selectably connecting said first group of mod- 
ule I/O lines to said first group of module circuit 
Imes, to said second group of module I/O lines, to 
neither or to both, and for selectably connecting 
said second group of module I/O lines to said sec- 
ond group of module circuit lines, to said first 
group of module I/O lines, to neither or to both, 
and a control mechanism generating and transmit- 
ting to the switching mechanism the control signal 
that represents a desired interconnection between 
said first and second groups of module I/O lines 
and said first and second groups of module circuit 
lines. 

8. A module interconnect system as defined in claim 
7 wherein said control signal is generated in response to 
information representative of the module type of said 

30 fu-st and second adjacent modules. 

9. A module interconnect system as defmed in claim 
7 wherein said control mechanism receives information 
from an external source regarding the desired intercon- 
nection. 

35 10. A method for interconnecting a module to first 
and second adjacent modules through a backplane in 
which the circuit modules are mounted, said module 
including a module circuit having a first group of mod- 
ule circuit lines and a second group of module circuit 
40 lines, the method comprising the steps of: 

providing a first group of module I/O. lines for con- 
necting said module to said first adjacent module 
through said backplane and a second group of 
module I/O lines for connecting said module to 
said second adjacent module through said back- 
plane; 

electronically interconnecting said first group of 
module I/O lines to said first group of module 
circuit lines and said second group of module I/O 
lines to said second group of module circuit lines 
when a control signal is representative of a series 
connection of said module to said first and second 
adjacent modules; and 
electronically interconnecting said first group of 
module circuit lines to said second group of mod- 
ule circuit lines when said control signal is repre- 
sentative of a loopback connection of said module. 

11. A method as defined in claim 10 further Including 
the step of electronically interconnecting said first 
group of module I/O lines to said second group of 
module I/O lines when said control signal is representa- 
tive of a bypass connection of said module. 

12. A method as defined in claim 10 further including 
the step of electronically interconnecting said first and 
second groups of module I/O lines and said first and 
second groups of module circuit lines when said control 
signal is representative of a bus connection of said mod- 
ule. 
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13. A method as defined in claim 10 further including 
the step of providing said control signal to said module 
from an external source. 

14. A method as defined in claim 10 further including 
the step of generating said control signal in response to 5 
information representative of the module type of said 
first and second adjacent modules. 

15. A module interconnect system comprising; 

a backplane having a plurality of module-receiving 
slots and means for interconnecting said module- 10 
receiving slots; and 

two or more modules mounted in selected ones of 
said module-receiving slots, at least one of said 
modules including a module circuit having a first 
group of module circuit lines and a second group of 15 
module circuit lines; 

a first group of module I/O lines for connecting said 
module to a first adjacent module through said 
backplane; 

a second group of module I/O lines for connecting 20 
said module to a second adjacent module through 
said backplane; 

a switching mechanism responsive to a control signal 
for selectably connecting said first group of module 
circuit lines to neither, one or both of said groups 25 
of module I/O lines and for selectably connecting 
said second group of module circuit lines to nei- 
ther, one or both of said groups of module I/O 
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lines, in order to achieve a desired interconnection 
between said module and said first and second 
adjacent modules; and 

a control mechanism generating and transmitting to 
the switch, the control signal representative of the 
desired interconnection between said module and 
said first and second adjacent modules. 

15. The module interconnect system as defined in 
claim 15, wherein the switching mechanism and control 
mechanism are positioned on said module. 

17. A module interconnect system as defined in claim 
15, wherein the control signal is generated in response 
to information representative of the module type of the 
first and second adjacent modules. 

18. A module interconnect system as defined in claim 
15, wherein the control signal is representative of a 
bypass connection of said at least one module. 

19. A module interconnect system as defined in claim 
15, wherein the control signal is representative of a bus 
connection of said at least one module. 

20. A module interconnect system as defined in claim 
15, wherein the control signal is representative of a 
series connection of said at least one module with re- 
spect to said first and second adjacent modules. 

21. A module interconnect system as defined in claim 
15, wherein the conuol signal is representative of a loop 
back connection of said at least one module. 

* * 4> * * 
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